The uppermost Jurassic (Tithonian) stromatoporoid biostromes occur as horizontally extended, up to 2.5 m thick lenses in a shallow marine carbonate sequence in the northwestern part of the Zagros Mountains, Iran. Stromatoporoids, accompanied by corals and calcareous algae, form floatstone and rudstone textures. The initial establishment of these potential reef-building organisms may have been related to substrate stabilization, likely due to exposure events. The stromatoporoids show two types of growth forms. Columnar forms, including the new species Cladocoropsis lindstroemi, are enclosed in a micritic matrix in low-energy environments. Laminar-domical forms piled up their skeletons on other species, or formed bulbous structures by encrusting other organisms. This study is the first description of Mesozoic stromatoporoids from Iran.
Introduction
The Late Jurassic to Early Cretaceous is one of the intervals with optimum development of organic reefs (Kiessling et al. 2002) . In regions representing the Tethys and the western Panthalassa, stromatoporoids were important reef-building organisms (Fagerstrom 1987; Copper 1988; Leinfelder et al. 2005) and formed a wide range of organic constructions from huge reef complexes to small carbonate mounds (e.g. Turnsek et al. 1981; Kano 1988) . Stromatoporoids have previously been described from the Jurassic-Cretaceous succession of the Middle East (Hudson 1954 (Hudson , 1955 Okla 1986; Toland 1994; Schumann 1995) , which represents one of the largest hydrocarbon reservoirs in the world. In general, only stratigraphy and lithology of these successions have been regarded (e.g. Murris 1980; Moshier 1989) . Details in sedimentology and paleoecology have rarely been published in widely distributed scientific journals because the previous studies were focused on economic aspects. Problems were left also in understanding the stratigraphical position and depositional age of the stromatoporoid-bearing strata. We studied the succession in the Zagros Mountains of southwest Iran (Fig. 1) , and found limestone containing abundant stromatoporoids and other potential reef-builders. This contribution describes the lithofacies, biofacies, and occurrence of the stromatoporoids including a new species, Cladocoropsis lindstroemi, and discusses the depositional age and the depositional environment of the stromatoporoid-bearing strata. All limestone textures are classified according to Dunham (1962) and Embry & Klovan (1971) . This is the first description of Mesozoic stromatoporoids from Iran.
The Upper Jurassic of the Zagros Mountains
The northwestern Zagros Mountains extensively expose a Permian-Cretaceous carbonate succession, over 2500 m thick. We selected a section at Kuh-d-yaghma (33º11ʼ28"N, 49º29ʼ47"E), located 5 km SW of the Main Zagros Thrust separating the Iranian and Arabian Plates (Fig. 1) . The 570-m-thick section consists of the Upper Jurassic-lowermost Cretaceous carbonate rocks that likely correspond to the Upper Jurassic Surmeh Formation and the Lower Cretaceous Fahliyan Formation (James & Wynd 1965; Setudehnia 1978) . However, this formal stratigraphy was only loosely applied to the studied section because the anhydrite horizon that defines the boundary between the two formations in other areas of the Zagros Mountains is missing. Therefore, we avoid using the previously defined stratigraphic units.
Instead, a field survey and analyses of 130 specimens form the basis for an informal stratigraphical scheme consisting of five units, numbered in ascending order (Fig. 2) . The occurrence of stromatoporoids is mostly limited to unit 3. However, lithologies, biofacies, sedimentary structures, and geochemistry of the other units are described in brief in order to indicate paleoenvironmental background and depositional age. Lithological details were described by Kano et al. (2003) .
General stratigraphy and lithology
The lowermost unit 1, 82 m thick, consists mainly of thickly bedded or massive grainstone and packstone of dark gray color. These strata were formed in a shallow water environment. The rocks contain skeletal grains of various groups, including calcar-GFF volume 129 (2007), pp. 107-112. Article eous algae, foraminifers, brachiopods, mollusks, ostracodes, and echinoderms. Ooids become dominant upwards, and mollusks and echinoderms dominate the skeletal components in the uppermost horizons. Paleosols were recognized in at least two horizons (Fig. 2) .
Unit 2, 123 m thick, consists of massive dolostone in the lower part and dark gray limestone in the upper part. Most of the rock was originally composed of coarse-grained carbonate. The dolostone consists mainly of coarse rhombic crystals, but partly preserved initial textures show that ooids, oncoids, mollusks, and calcareous algae were present. The upper limestone generally appears massive and coarse-grained with a grainstone texture. Common fossil constituents are calcareous algae, foraminifers, echinoderms, and mollusks. Some calcareous algae could be identified as Kurnubia sp. and Salpingoporella sp. There are two horizons of paleokarstic breccias at 160 and 190 m, respectively (Fig. 2) , accompanied by paleo-speleothems in the upper part of unit 2, which were likely developed during two subaerial exposure events. Kano et al. (2003) indicated that the upper limestone exhibits banded cements, as seen in cathodoluminescence, a circumstance that supports freshwater diagenesis.
The 120-m-thick unit 3 consists largely of massive and thickly bedded limestone (Fig. 2) , and is rich in large fossils. The assemblage is dominated by stromatoporoids of columnar and domical forms. The stromatoporoids with other potential reef-builders (such as corals and calcareous algae) form laterally extended lenses less than 2.5 m thick (Fig. 3A) , as described in detail below. Otherwise, the limestone is dominantly peloidal grainstone ( Fig. 3B ) in the lower part, and pack-wackestone in the upper part. Other fossil components, including calcareous algae, foraminifers, mollusks, and echinoderms are common.
Among the identified calcareous algae, Kurnubia sp. (Fig. 3C ) is the most common genus.
Unit 4, 75 m thick, is weathered, consisting largely of thinly bedded limestone typically with wackestone texture. Many horizons have a facies abundant in peloids, which often have a microstructure resembling that of calcareous algae. Upwardly, the grainstone tends to be dominant, and fossil components decrease both in terms of abundance and diversity. The biofacies of this unit is characterized by abundant occurrence of bryozoans and ostracodes. Calcareous algae commonly occur, but stromatoporoids and corals are rare.
The uppermost 160 m of the section belong to unit 5 ( Fig.  2) , which consists of the lower thickly bedded wackestone and the upper massive grainstone. The wackestone is peloidal, and the grainstone commonly contains oncoids and ooids. The unit exhibits paleo-karst, stromatolites, and possible birdseye fenestrae, indicating marginal marine environment with influences of meteoric diagenesis. The biofacies is characterized by mollusks and calcareous algae (Dasycla sp., Salpingoporella sp., Thaumatoporella sp., and Clypeinea sp.; Fig. 2 ). Bryozoans, ostracodes, and brachiopods are less abundant.
Stromatoporoid biostromes

Structure and composition
Stromatoporoids, corals and hydrozoans occur densely ( ranges from 0.2 to 2.5 m. The lateral extent of the thinner biostromes is several meters, but the extent of the thicker ones is difficult to define. However, the configuration of some thick biostromes approximately corresponds to that of the massive limestone bodies, such as that shown in Fig. 3A , which extends more than 30 m.
The biostrome assemblage is dominated by stromatoporoids, such as Parastromatopora memoria-naumanni, P. sp., Milleporidium sp., Shuqraia sp. and the most dominant species is Cladocoropsis lindstroemi sp. nov. These stromatoporoids were categorized in two groups, according to their growth forms. The first group has a columnar (or uniserial branching) growth form, and includes C. lindstroemi, P. memoria-naumanni, and Shuqraia sp. They are normally distributed in beds, and have axes horizontal to bedding planes (Fig. 3D) . The second group is represented by laminar-domical forms, and includes Milleporidium sp. and Parastromatopora sp. These stromatoporoids piled up their skeletons on other species, or formed bulbous structures by encrusting skeletons of other organisms (Fig. 3E ). The latter type of growth form is commonly recognized in the Paleozoic stromatoporoids biostromes, such as one biostrome in the upper Hemse Group in Gotland, Sweden (Kano 1990; Kershaw 1990) , which is classified as an autoparabiostrome according to Kershawʼs (1994) scheme.
The lithology of the biostrome matrix is normally a finegrained micritic limestone (mudstone-packstone), although the intervals of bedded limestone within unit 3 commonly exhibit a grainstone texture (Fig. 3B) . The micritic limestone is closely associated with the columnar stromatoporoids. On the other hand, coarser sediments are associated with laminar-domical growth types. The calcareous alga Kurnubia sp. and foraminifers were commonly found in the matrix limestone (Fig. 3F) .
Depositional age
Short-range zonal fossils, such as ammonites and nannofossils, are missing, resulting in sub-optimal precision in the correlation of the sequence. Reefs formed mainly by stromatoporoids were developed in an interval from early Kimmeridgian to late Valanginian (Copper 1988) . Corals dominated in the older Jurassic, and rudists started to contribute to and dominate the reef communities after the Hauterivian (Fagerstrom 1987; Schumann 1995) . The most common genus, Cladocoropsis, is known as a taxon having a wide geographical distribution and a long stratigraphical range from Bathonian to Berriassian. The less abundant genera Milleporidium, Parastromatopora, and Spongiomorpha are common constituents of the Upper Jurassic deposits (Leinfelder et al. 2005) .
Several identified calcareous algae (Fig. 2 ) also suggest specific geological ages. Kurnubia sp. abundantly occurring in unit 3 is common in shelf-lagoon facies of late Callovian-early Kimmeridgian age, according to a study in northern Italy (Jaffrezo 1980) . Salpingoporella sp. is abundant in the uppermost Jurassic (Crescenti 1971) . Thaumatoporella sp. in unit 5 has a wide range from the Triassic to the Upper Cretaceous, but is most common in the Upper Jurassic (Crescenti 1971) . Clypeina sp. in unit 5 is a shallow marine genus of early Kimmeridgian-Berriasian age (Jaffrezo 1980) . Dasycla sp., which has been thought to be common in the Berriasian (Jaffrezo & Renard 1979) Sr ratio was measured at two horizons of the studied section (Fig. 2) , and provides a useful reference because the ratio is known to show a continuously increasing trend with age during the time interval from the Late Jurassic to the Early Cretaceous (e.g. Jones et al. 1994) . Powdered samples were first dissolved with acetic acid. Strontium was separated using cation exchange resin, and the isotopic ratio was measured by a thermal ionizing mass spectrometry Mat 262. Values from the middle part of unit 3 and the upper part of units 5 (Fig. 2) Taking all of the data into account, the stromatoporoid-bearing unit 3 is judged to be Tithonian. The exposure event indicated by the paleokarst at the top of unit 2 may correspond to the early Kimmeridgian uplift event related to the final collision of the Iranian and Turanian Plates (Davoudzadeh & Schmidt 1984) . The Jurassic-Cretaceous boundary is likely placed in the lower part of unit 5 owing to the beginning of the continuous occurrence above this level of the genus Dasycla (Fig. 2) , a genus typical of the Berriasian.
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Depositional environment
The limited occurrence of stromatoporoids and biostromes in unit 3 could be related to both evolutionary and environmental factors. The Mesozoic stromatoporoid reef-building communities have their maximum abundance and distribution in the Tithonian (Copper 1988) , but stromatoporoids are common from the lower Kimmeridgian to the upper Valanginian.
Before the deposition of unit 3, the carbonate platform was subaerially exposed. This event caused karstification, meteoric cementation, and dolomitization of the sediments of the underlying unit 2. For this reason, a stable hard-bottom suitable for the establishment of sedentary organisms formed when the platform subsequently was submerged. Stromatoporoids, corals, and calcareous algae easily started colonizing the stable substrates. This assemblage, however, did not form rigid reef frameworks. Cladocoropsis sp. has been widely recognized as being characteristic of back-reef and lagoonal environments in Late Jurassic European platforms (e.g. Turnsek et al. 1981; Leinfelder et al. 2005 ). Delicate columnar (or uniserial branching) species, such as C. lindstroemi flourished in relatively low-energy environments. In the other horizons of the studied section, the assemblage of C. lindstroemi was replaced by the encrusting type of stromatoporoids likely to develop under high-energy conditions. The bulbous structures (Fig. 3E) formed by this type were reworked in coarse-grained sediments.
The depositional facies of the platform changed into the thinly bedded limestone of unit 4. The sea bottom became peloidal, and was inhabited by a less diverse fauna consisting of ostracodes and bryozoans.
Concluding remarks
In this study we first describe the occurrence of Mesozoic stromatoporoids from the Zagros Mountains of Iran.
87
Sr/ 86 Sr dating indicates a Tithonian age of the stromatoporoid-bearing unit 3 and is consistent with the stratigraphic distribution of calcareous algae. The stromatoporoids formed biostromes unto 2.5 m thick without constructing rigid frameworks. However, it is likely that the studied section exposes only the back-reef lagoonal environments, and the absence of a reef complex can therefore not be proven. Further investigations are necessary to understand the paleoecology of the potential reef-building assemblage of the Zagros Mountain area.
Systematic paleontology Genus Cladocoropsis
Type species. -Cladocoropsis mirabilis Felix, 1907 Diagnosis. -Skeletons slender (mm-order in diameter) columnar forms, rarely branching. Column normally consists of anastomosing tubular-laminae fringed by outer wall. Indistinct axial canal occurs in center of a column.
Occurrence. -Middle Jurassic and the lowermost Cretaceous in Portugal (Schmid & Jonischkeit 1995) , France and Italy (Sartoni & Crescenti 1962) , Slovenia and Croatia (Turnsek 1966; Tisljar & Velic 1987) , Greece and Turkey (Flügel 1974) , Lebanon (Hudson 1954) , Saudi Arabia (Hudson 1955) , Iran (Zagros Mountains), Indonesia, and Japan (Yabe & Toyoma 1927) .
Remarks. -The type species was first described as a coral with an affinity to the hydrozoan genus Spongiomorpha (Felix, 1907) . Lecompte (1952) reinterpreted it as a stromatoporoid. Despite the wide geographical occurrence, Cladocoropsis has mostly been treated as a monospecific genus although a few species have been proposed (Hudson 1954; Turnsek 1966) . For instance, Hudson (1954) recognized a bimodal distribution of the column thickness, and separated a thicker C. dubertreti from a thinner C. mirabilis. After Turnsek (1968) , no one has ventured any taxonomic study of this genus, and subsequent sedimentological studies have mostly described the fossils of this genus as Cladocoropsis mirabilis or Cladocoropsis sp.
Cladocoropsis lindstroemi sp. nov.
Diagnosis. -Species of Cladocoropsis with slender (mostly 2-4 mm in diameter) columnar skeletons without branching. Columns slightly curved, consisting of anastomosing tubularlaminae fringed by outer wall. Some specimens have a central opening.
Description. -Skeletons are columnar forms (Fig. 3G , K, M) with a circular cross section (Fig. 3H , J) without branching (Fig.  3K) . The columns are slightly curved (Fig. 3G, L) , up to 70 mm long. The diameter of the columns ranges from 2.0 to 4.2 mm, with a mean value 2.98 mm (Fig. 4) . The columns exhibit an outer wall (Fig. 2H, I , K, M), 0.3-0.8 mm thick, consisting of a meshwork of tubular-laminae surrounding the inner part of the skeleton. The outer wall shows the same microstructure as the tubular-laminae. There is a continuity in this microstructure 110 Kano et al.: Facies and depositional environment of the uppermost Jurassic stromatoporoid biostromes GFF 129 (2007) from the wall into the outer part of the skeleton (Fig. 3I ). In the inner part, the tubular-laminae are seen as anastomosing both in longitudinal and cross sections (Figs. 3H, M, N) . Their thickness ranges from 0.15 to 0.3 mm. In tangential sections, the tubular-laminar meshwork shows a central opening expanding in the growth direction (Fig. 3L) . The openings are not tabulated and can be axial canals. The tubular-laminae have no observable microstructure. The gallery of the inner part is filled with calcite crystals and peloidal sediments (Fig. 3I, M) . This species is the most dominant stromatoporoid in the Tithonian biostromes described in this study. It inhabited a relatively calm back-reef or lagoonal environments.
Comparison. -This species is characterized by slender skeletal columns and a relatively thick outer wall. Cladocoropsis mirabilis Felix, 1907 and C. dubertreti Hudson, 1954 differ in having (mean diameter, 4.5 to 6.0 mm, respectively) columns and a more complicated inner meshwork of the tubular-laminae. C. dubertreti differs from the present species also in having tabulated canals. C. nanosi Turnsek, 1966 has thinner columns (the diameter ranges from 0.6 to 2.0 mm), and a very simple meshwork of tubular-laminae.
Types. -Holotype: specimen Z07303A (Fig. 3G-I ). Paratypes: Z07302A (Fig. 3J, L, N) , Z07301A (Fig. 3K) , and ZK-49A (Fig. 3N) . The types were collected from the lower (Z027301A, Z027302A, and Z07303A) and middle part (ZK-49A) of unit 3, and are stored in the Hiroshima University Museum.
Etymology. -In honor of Prof. em. Maurits Lindström, a leading geologist and paleontologist in Sweden. 
